The synthesis and characterization of poly(l-methylinosinlc acid) are described. Laser Raman spectra of poly(m I) were obtained as a function of temperature in D^O solution. Thermal melting profiles derived from the intensity variations of the 712, 795, 814, 986, 1333, 1509, 1550 and 1680 cm bands indicate a cooperative melting temperature of 9 + 1°C. The_Jow temperature form of poly(m I) exhibits a carbonyl frequency at 1710 cm which is decreased to 1680 cm upon melting. The Raman hypochromism in the bands reported are equal to or much larger than any reported for other nucleic acids. The data are consistent with the low temperature form of poly(m I) being an ordered single stranded unit with a high degree of basestacking. The melting profiles obtained from the uv and cd spectra are consistent with and support the Raman data. This single stranded RNA exhibits an uncharacteristic behavior in that it melts cooperatively.
INTRODUCTION
It is generally recognized that vertical stacking (hydrophobic) interactions between adjacent purine bases make the major contribution to the stability of nucleic acid helices (1) . Data which support this view include numerous observations that purine methylation generally enhances vertical stacking interactions in polynucleotides even if hydrogen bonding sites are thereby blocked (2) (3) (4) (5) . In general, this stacking Interaction is manifested by a cooperative thermal helix -+ coil transition only when interstrand hydrogen bonding is involved; such transitions in singlestranded polynucleotides are almost always noncooperative (1, 5, 6) .
Recently, however, poly(l-methyl-6-thioinosinic acid), poly(m s I), was found to exhibit a highly cooperative, single-stranded helix •* coll transition with a T of 12°C (3) . Analogous behavior was not observed for m poly(6-thioinosinlc acid) (3), poly(I) (7) or poly(6-methylthiopurinylic acid) (3); the former two displayed multiple-stranded, hydrogen bonded arrays and the latter melted completely noncooperatively. From these data it was not clear whether the unique behavior of poly(m 8 I) was a function of N-l methylation, S for 0 substitution at C-6, or both.
In order to answer this question, it was necessary to study the remaining polynucleotlde in the set, poly(1-methyllnoslnic acid), poly(m I).
In a study of poly (I) (7) It was stated that poly(m I) had been prepared previously (8) and was devoid of secondary structure. Examination of the original paper (8) , however, revealed that the polymer actually prepared was a copolymer containing 70Z 1-methylinosine and 30Z inosine. Conditions under which the copolymer was evaluated for secondary structure were not reported.
This report describes the synthesis, characterization and spectral properties of pure poly(m I). It has been amply demonstrated that laser
Raman spectroscopy can provide a sensitive means to monitor different aspects (vibrational modes) of nucleic acids (9, 10) simultaneously, yet independently. In this study, changes in vibrational bands on thermal melting are correlated with the degree of order in the phosphodiester backbone, the degree of purine base-stacking and with the change in the environment of the carbonyl group in the nucleic acid. The uv and cd melting profiles present a view consistent with the Raman data.
MATERIALS AND METHODS
The phosphorylation of 1-methylinosine (m I) was carried out according to Yoshikawa (11) Samples were irradiated, using transverse excitation, with approximate-ly 700 mW of power of the 514.5 nm line of an Ar laser (Coherent Radiation Model CR2). The »™«n spectrometer and the experimental set-up for the variable temperature studies have been previously described (10, 14) .
Circular dichroism studies were carried out using a Jasco J40A
Spectropolarimeter. Ultraviolet studies were performed with a Cary Model 15 UV/VIS Spectrophotometer equipped with a thermostatable cell holder.
Prior to melting, poly(m I) solutions were kept at 4°C for 24 hours. The 599 (1) 650 (2) 699 shd (1) 717 (3) 796 (2) 812 (1) 824 (1) 880 v. bd. (0) --
996 (3) 1045 (1) 1087 (1) 1307 shd (1) 1335 (5) 1390 (2) -1436 (2) 1461 (0) 1479 (1) 1514 (8) 1555 (10) 1587 (2) 1682 ( Table II summarizes the major Intensity changes observed in the spectrum. The spectrum Is unusual in that the intensity changes of so many bands can be monitored readily and also that the intensity increases are so large, 3) and is characteristic of a nonspecific aggregation phenomenon. This behavior was also exhibited by the 6-thio analog (3). The lack of dependence of T upon Na concentration is consistent with single strand helix formation (19) .
The cd spectrum ( Figure 5 ) of poly(m I) in low salt lends support to the proposed formation of a single-stranded helix at low temperature. The cd spectrum of the ordered array is dramatically different In the long wavelength region from that of poly(I). The latter exhibits a large negative band at 280 nm (7) which has been interpreted as Cech and Tinoco (20) Form I appears to be predominant with little contribution from form II.
In the low temperature form, the ^-electrons in the carbonyl double bond have been strongly localized, presumably by the base stacking interactions, which results in a high carbonyl stretching frequency. As the base stacking forces are disrupted, the H-electrons become less localized and the (C-0) stretching frequency decreases. An additional effect or alternative explanation is that the helix -+ coil transition Involves an increase in hydration of the carbonyl group which would decrease the v(CO) frequency. Since these two interactions work in the same direction it is difficult to evaluate the individual contributions to the observed frequency decrease. In any event, this appears to be the first report of a temperature dependent carbonyl frequency in a nucleic acid which is not related to the disruption of hydrogen bonds in base pairing.
An alternative possibility which can reasonably be discounted is that at low temperature, form II predominates to produce a stable double-stranded helix in which the strands "register" via the negatively charged oxygen of a hypoxanthine base on one strand interacting with the "acidic" hydrogens of the methyl group on the ammonium-like nitrogen of a like base on the adjacent strand. This is attractive in one respect but discounted by two other factors. It is attractive in that form II exhibits an aromatic purine ring.
However, the stability of this system would certainly be salt concentration dependent, which is inconsistent with experiment (3); In addition, the carbonyl frequency would be expected at a much lower frequency unless an inordinately large effect of base stacking countered the frequency decrease.
Both factors together provide good reason to eliminate such a hydrogen-bonded double-or multi-stranded unit.
CONCLUSIONS
Poly(m I) exists as a single stranded helix at low temperature (T*i5 o C) with:
(1) a highly ordered backbone (> 90Z A conformation) (2) a high degree of base stacking as evidenced by the large Z hypochromicity exhibited by the vibrational bands (3) an unconstrained PO. unit in the backbone (4) a carbonyl group in which the ^-electrons are unusually localized, presumably by the high degree of base-stacking (5) a carbonyl group which is not involved in base pairing
All melting profiles, which monitor both the alteration in the backbone and the degree of base-stacking indicate the melting temperature is 9 + 1°C, in agreement with cd and uv profiles.
